possibilities to control a number of co-factors that can influence the outcome; in other words 78 our ability to control the experiment is somehow limited. So we resort to experimental 79 models: the simpler is the model, the higher is the level of control we can have on it. So an 80 animal model is much more complex (and difficult to control) than a ex vivo tissue culture 81 model, which in turn is much more complex and much less controllable than an in vitro 82 experiment. This is why in the most advanced VPH models we falsify our hypotheses by 83 using progressively more complex experimental models (or progressively reduced 84 controllability), typically starting in vitro, then move to animal models, and then last to 85 human experimentation. In this process our understanding of the limitations of the theory at 86 hand increases, we unravel the co-factors that interfere with the observations, and we are thus 87 in a much stronger position to interpret the outcomes of clinical experimentation. 88
But at the end of this tortuous and incredibly challenging process not only we will have a 89 VPH model that can reliably predict certain quantitative changes in health status of a given 90 patient, but also, more important, we will have a theory, in the true meaning this word has in 91 the scientific method. This is a new science where researchers trained in biology, physiology, 92 chemistry, mathematics, physics, engineering, and medicine work together sharing this 93 epistemology. 94 engineering, animal experimentation, or experimental biophysics (biomechanics, 96 bioelectricity, biochemistry, etc.) are used not as an end but as a mean to inform and validate 97 new quantitative hypotheses, and the computer models that embody them. In this sense ISM 98
is not a computational science, nor an experimental science; it is in the continuous exchange 99 between models and experiments that this new science manifest itself. 100
In this scenario, biomechanics plays a very important role, much more important than it was 101 recognised so far. First, biology has historically privileged the chemical side of all processes, 102 neglecting the role that mechanical factors play in most physiological and pathological 103 processes; we need a lot more of biomechanical knowledge at all space-time scales, from the 104 whole body neuromuscular coordination to the effect of nucleus deformation on the synthesis 105 of proteins within a single cell. 106
But the potential role that biomechanics can play in this context is much broader. 107
Traditionally biomechanics is defined as Ò [É] the study of the structure and function of 108 biological systems by means of the methods of mechanicsÓ [Hatze, 1974] In the past the idea that living organisms could be reduced to physical systems has been 121 debated, for example by Ernst Mayr (Mayr, 2004) , claiming that biology could not be reduced 122 to physics and chemistry, and had its own unique epistemological space. Most of the 123 arguments of this thesis are based on limitations, in the sense that they suggest that the 124 complexity of living organisms prevents to investigate them as physical systems, and thus a 125 new epistemology must be used, that of biology. It is unquestionable that there are broad 126 areas such as evolution (Mayr himself was an evolutionary biologist) where this is true; but 127 the constant improvement of experimental and computational technologies is expanding the 128 territory of biological problems were a full mechanistic approach is viable. An evidence of 129 this is the appearance of Systems Biology, where a bottom-up mechanistic approach is 130
advocated. 131
And here is, in our opinion, the unique space for biomechanics research: where a mechanistic 132 approach is possible, who better than a biomechanician can pick up this challenge? This is in 133 our opinion a Copernican revolution, around which the scope of biomechanics should be re-134 defined. Thus, we propose a new definition for our research domain: ÒBiomechanics is the 135 study of living organisms as mechanistic systemsÓ. Wherever there is space for a 136 mechanistic investigation, biomechanics steps in, with its quantitative observations made over 137 space and time and across space-time scales, with its mechanistic theories, and with its 138 progression of experimental falsifications from the most controllable experiments to the 139 clinical experimentation. 140
In conclusion, biomechanics-based in silico medicine is a new science of life, based on the 141 conviction that the book of nature, including living organisms, is written in the language of 142 mathematics, and on the arrogance that we can eventually, one day, understand that book. 143
